Context. We present spectroscopic observations of a sample of 72 emission-line objects, including mainly H  regions, in the spiral galaxy M 33. Spectra were obtained with the multi-object, wide field spectrograph AF2/WYFFOS at the 4.2m WHT telescope. Line intensities, extinction, and electron density were determined for the whole sample of objects. Aims. The aim of the present work was to derive chemical and physical parameters of a set of H  regions, and from them the metallicity gradient. Conclusions. The overall oxygen gradient for M 33 obtained using ours and previous oxygen determinations in a large number of H  regions with direct electron temperature determination as well as abundance in young stars presented a two slope shape: -0.19 dex kpc −1 for the central regions (R<3 kpc), and -0.038 dex kpc −1 for the outer regions (R≥3 kpc).
Introduction
The galaxy M 33 (NGC 598) is the third-brightest member of the Local Group. Its closeness (840 kpc, Freedman et al. 1991) , its large angular size (optical size 53'×83', Holmberg 1958), and its intermediate inclination (i=53
• ) make it particularly suitable for studies of spiral structure, interstellar medium (ISM), and of stellar populations (van den Bergh 2000) . Being a latetype spiral galaxy, it has a rich population of H  regions. A catalog of large-sized H  regions was given by Courtes et al. (1987) , whereas the positions of compact H  regions were published by Calzetti et al. (1995) . One of the most recent catalogs, published in two part by Wyder et al. (1997) and Hodge et al. (1999) , lists a large number of new H  regions. Observations with the 2.5 m INT telescope at La Palma, Spain, covering an area of approximately 0.6 square degrees, produced the most complete catalog of H  regions in this galaxy (Cardwell et al. 2000) . Recently, the Local Group Census consortium (LGC http://www.ing.iac.es/∼rcorradi/LGC/, cf. lowing to discover a conspicuous number of new H  regions at large galactocentric distances.
The existence of chemical abundance gradients in M 33 was known from long time, but its origin, shape and magnitude are still open issues. Aller (1942) noted that among H  regions in M33, those far from the center had much larger [O ]/[O ] emission line ratios than those near the center. Searle (1971) presented spectrophotometry of eight H  regions in M 33 and recognized that a radial abundance gradient could explain this trend of flux ratios.
Further spectroscopic studies of H  regions were carried on by Smith (1975) , Kwitter & Aller (1981) , and by Vílchez et al. (1988) . Garnett et al. (1997) in a recompilation of previous observations, obtained an overall O/H gradient of -0.11±0.02 dex kpc −1 . Willner & Nelson-Patel (2002) derived neon abundances of 25 H  regions from infrared lines, obtaining a Ne/H gradient -0.05±0.02 dex kpc −1 . A new recompilation of young stars and H  regions abundance determinations was done also by Pérez-Montero & Diáz (2005) . Recently, Crockett et al. (2006) derived even shallower gradients (Ne/H -0.016± 0.017 dex kpc −1 , and O/H -0.012±0.011 dex kpc −1 ) using chemical abundances of 6 H  regions with derived electron temperature.
The abundance gradient of M 33 was also investigated using planetary nebulae (PNe), young giant stars, and red giant branch (RGB) stars. PNe chemical abundances were studied by via optical spectroscopy and photoioniza-tion modelling and by Stasinska et al. (2006) with direct electron temperature measurements of PNe located in the inner regions of M 33. Stellar abundances were obtained by Herrero et al. (1994) for AB-supergiants, McCarthy et al. (1995) and Venn et al. (1998) for A-type supergiant stars, and Monteverde et al. (1997 Monteverde et al. ( , 2000 and Urbaneja et al. (2005) for B-type supergiant stars. The O/H gradient as derived by Urbaneja et al. (2005) is -0.06±0.02 dex kpc −1 . The metallicity measured in Cepheids identified in the inner regions of M 33 by Beaulieu et al. (2006) suggested an O/H gradient of −0.16 dex kpc −1 . Metallicities of old stellar populations were derived via deep CCD photometry and colour magnitude diagrams by Stephens & Frogel (2002) , Kim et al. (2002) , Galletti et al. (2004) , Tiede et al. (2004) , Brooks et al. (2004) , and Barker et al. (2006) . The [Fe/H] gradient computed by Barker et al. (2006) including all previous iron determinations in RGB stars was -0.07±0.01 dex kpc −1 . The aim of the present paper is to investigate the chemical and physical properties of a large sample of H  regions of different sizes, galactocentric distances and excitations and to study their behaviour through the disk.
The paper is organized as follows: in Sect. 2 we present observations and data reductions, while in Sect. 3 we discuss the behaviour of the extinction across the disk. Emission-line ratio diagrams are shown in Sect. 4 and the physical and chemical properties of the studied H  regions are presented in Sect. 5. The metallicity gradients and their implication in the evolution of M 33 are discussed in Sect. 6 and in Sect. 7. Finally in Sect. 8 we summarize our conclusions.
Observations and data reduction
Seventy-two emission-line objects (see Fig. 1 ) were observed on November 18th and 19th, 2004 with AF2/WYFFOS, the multi-object, wide field, fibre spectrograph working at the prime focus of the 4.2 m William Herschel Telescope (La Palma, Spain) equipped with an Atmospheric Dispersion Corrector that corrects for the effect of atmospheric dispersion. We used a 1024×1024 TEK CCD, and the Small Fibre module which contains 150 science fibres with 1.6 ′′ diameter (90 µm) projected on the sky. The WYFFOS spectrograph was used with a single setup: R600B grating (600 line mm −1 ) providing a dispersion of 3.0 Å pix −1 . The observations were repeated with two different incidence angles and consequently two different central wavelengths were obtained: 513 nm and 574 nm. The resulting total spectral coverage ranged from approximately 370.0 nm to 750.0 nm, and included the basic lines needed for the classification of the objects and the determination of their physical and chemical properties. The response of the instrument in the bluer part of the spectra (<400.0 nm) was inadequate and thus not suitable for further analysis. We have considered the spectral range from 410.0 nm to 750.0 nm for the subsequent work.
The positions of our targets were obtained from the INT+WFC images by Magrini et al. (2000) and from Local Group Census (LGC) observations . The selection criteria for the observed sample of emission-line objects, including mostly H  regions, but also PNe and SNRs, were the following: i) uniform distribution over the face of the galaxy; ii) large range of sizes and shapes; iii) bright [O ] λ 500.7 nm emission in order to make possible the chemical abundance determination. We aimed to contribute to the study of the metallicity gradient in M 33 with a sample of H  regions of different morphological types and sizes, selecting for observation H  regions without previous spectroscopic data, avoiding to repeat the study of already well analyzed giant H  regions.
The coordinates, classifications and fluxes in previous catalogs, when available, are shown in Table 1 . The 13 emission-line objects not identified in previous works, mostly small isolated H  regions, are labeled with LGC-HII-n, standing for H  regions discovered by the LGC project. The Hα+[N ] fluxes of these H  regions were computed using aperture photometry in the INT+WFC images by Magrini et al. (2000) .
A total of 6 science exposures of 1800 s each were taken with the central wavelength λ 513 nm, and with a mean airmass 1.1, and 3 exposures of 1800 s at λ 574 nm, with a mean airmass 1.4. The seeing during the observations was 1.5
′′ during the first night and <1 ′′ in the second night. Several offset sky exposures using the same fibre configuration were taken before and after the M 33 observations to perform sky subtraction. Twilight sky and tungsten lamp exposures were taken as flat fields, while helium and neon lamp exposures were used for wavelength calibration.
The data were reduced using the IRAF 1 multi-fibre spectra reduction package DOFIBER. The data reduction of a similar set of observations, and in particular the sky subtraction procedure, were described in detail in Magrini et al. (2003) . Here we remind briefly the sky subtraction process. The sky spectra were taken in two different ways: i) with sky fibres taken during the exposures of M 33, that served to monitor the relative intensity of the atmospheric emission lines, which are known to vary during the night, ii) with offset-sky spectra that allowed to control the variations in the instrumental profiles of the position of each individual fibre in the focal plane. The final sky subtraction was done using the offset-sky spectra, after correcting their relative intensity of the atmospheric lines using the mean sky spectrum computed from the sky fibres observed at the same time as the science targets. Relative flux calibration was obtained taking spectra with several fibres of the spectrophotometric standard stars HD 93521 and BD+25 4655 (Oke 1990 ). All standard stars were observed with airmass <1.1. The feasibility of the use of a mean sensitivity function for all the fibres was demonstrated by Magrini et al. (2003) . Emission line fluxes were measured using the IRAF SPLOT package. Errors in the fluxes were calculated taking into account the statistical error in the measurement of the fluxes, as well as systematic errors of the flux calibrations, background determination, and sky subtraction. The observed emission line fluxes and their errors are listed in Tab. 2.
The extinction
The observed line fluxes were corrected for the effect of the internal and interstellar extinction. The extinction law of Mathis (1990) with R V =3.1 was used. The c(Hβ), which measures the logarithmic difference between the observed and un-reddened Hβ fluxes, was determined comparing the observed Balmer I(Hα)/I(Hβ) ratio with its theoretical value. The effect of the underlying absorption from the continuum below the Balmer lines was neglected. The extinction coefficients c(Hβ) for the complete sample of H  regions are shown in Tab. 2.
In Fig. 2 , the radial dependence of the extinction, converted in E(B-V) with the relation c(Hβ)=0.4 R β E(B-V), where R β =3.7, is reported. We remind that in this plot and in the following diagrams the adopted distance to M 33 is 840 kpc (Freedman et al. 1991) . The figure shows the histogram of the mean extinc- In Fig. 3 , the radial dependence of the extinction in four quadrants of M 33 is also shown: NE north-east, NW north-west, SE south-east, and SW south-west. The extinction was computed as described for Fig. 2 . The point in the first bin of the SW quadrant is not very representative being the average of only two H  regions extinctions. Note that the nebulae located in the eastern part of the galaxy present a lower average extinction. This might be attributed to the effect of the inclination of M 33. The eastern parts of the galaxy are indeed the farther ones, and because of an effect of projection, dust filaments are observed below the H  regions, while in the western regions, because of the same effect, the dust is located above the H  regions, thus enhancing the total extinction.
Previous work by Viallefond & Goss (1986) and by Israel & Kennicutt (1980) examined the extinction behaviour in a sample of H  regions of M 33. They both found that the extinction derived from Balmer lines is smaller than the extinction obtained from radio free-free and Balmer line comparison. This is due to a non uniform distribution of dust inside the H  regions, together with the different part of the nebula monitored by the two methods: the first method is more sensitive to the extinction in the 3 . The radial dependence of the extinction in the four quadrants of M 33: NE north-east, NW north-west, SE south-east, and SW south-west. Note that in the NE and SE quadrants the x axes are inverted to reproduce, together with the other quadrants, the global radial behaviour of the extinction in the galaxy, with the inner regions of the galaxy located in the centre of the plot. The filled circles show the mean extinction in each 2 kpc wide bin.
outer zones while the latter in the internal zones. They found a radial dependence of the extinction:
where R is the galactocentric distance expressed in arcmin. Devereux et al. (1997) on the other hand, analyzing a sample of small H  regions, found an average extinction A V ∼1 mag from radio to Hα comparison, with no systematic dependence on radius. They explained their results contrasting those by Israel & Kennicutt (1980) as if the bright H  regions show a radial dependence of extinction while the fainter ones do not. Our data are consistent with the results of Devereux et al. (1997) . The absolute value of our average extinction, A V =0.65, based on Balmer lines ratios and thus involving only the outer parts of the H  regions, is slightly lower, as expected, than the value derived by radio and optical Balmer line comparison, A V ∼1. (Galarza et al. 1999) . The location of the horizontal dashed line relative to [N ]/Hα was shifted to a lower value than indicated by Galarza et al. (1999) for M31 (from log([N ]/Hα)=-0.3 to log([N ]/Hα)=-0.5) to take into account the lower metallicity of M33.
Emission-line ratio diagrams
The vertical line, [S ]/Hα, was maintained as in M31, since this flux ratio is less sensitive to metallicity. The continuous line marked the lower limit of the PN regions, as derived for a large sample of Galactic PNe by Riesgo & López (2006) . The emission-line objects were plotted with different symbols according to their morphology: small isolated regions with high surface brightness (filled circles), high surface brightness knots within extended sources (empty squares), diffuse and extended objects (stars), ring-like nebulae (empty circles).
From Fig. 4 , we noticed that most of the observed emissionline objects are located in the H  regions area. The correlation of the ratios [S ]/Hα and [N ]/Hα of H  regions appearing in Fig. 4 is independent of morphological types and depends on the metallicity and excitation of the nebulae, as demonstrated by the photoionization modelling by Viironen et al. (2007) . Five of the emission-line objects have ratios consistent with being SNRs. Among them, four have ring-like morphologies, and three of them were indeed already classified as SNRs (see Table 1 ). Among the candidate PNe present in the literature, one of them, PN CDL04 52, appeared from our LGC images to be a knot of an extended H  region, whereas the position of PN MCM00 66, in the [S ]/Hα vs. [N ]/Hα diagram is well detached from the area of H  regions and it can be considered a true PN. We excluded then from the following analysis the three known SNRs (M33SNR 15, 25, 64), as well as the two new candidate SNRs LGC-HII 5, BCLMP207a, and the PN MCM00 66.
The radial emission-line ratio distributions presented in Figs. 5, 6, and 7 show a large scatter at each radius, even if some radial trends can be identified. The scatter cannot be attributed to errors in the line fluxes (smaller than the symbols as plotted in Figs. 5 to 7) nor to errors on the position of the nebulae within the galaxy. In fact, the well known inclination (53
• ±1
• ) of M33 allowed an accurate determination of galactocentric distances. Typical errors on the deprojected galactocentric distances associated with the uncertainty on the inclination were less than 0.1 kpc.
Thus the scatter must be real and represents the fact that each emission-line ratio depends on various characteristics of the nebula, which are not necessarily function of the galactocentric distance (cf. Blair & Long 1997) . In particular, it can be ascribed to internal variations in temperature, excitation, and density of the nebula, or to the nature of the ionizing sources, as the relative weight of the O star population which might affect significantly the resulting nebular spectrum. (Galarza et al. 1999) . Photoionized regions are located in the first quadrant (bottom left). The continuous line marks the lower limit of the PN region, as derived for a large sample of Galactic PNe by Riesgo & López (2006) . This ratio measures the excitation of the radiation field within the ionized nebula or, equivalently, the temperature of the central stars. It is also sensitive to chemical composition (Searle 1971 ). An increase in [O ]/Hβ towards the external regions is known to exist in disk galaxies and it is considered to be an evidence for a negative oxygen gradient (Scowen et al. 1992 , Zaritsky et al. 1990 ). However, an empirical correlation between metallicity and the , and in low-excitation objects, such as H  regions, this might represent a small contribution to the total oxygen abundance. For M33, the expected increase in excitation with galactocentric distance is evident only in small isolated H  regions. The diffuse nebulae, including their compact portions, as well as the ring-like nebulae, reproduce only marginally this trend and appear to introduce more scatter in the range covered by the high surface brightness sources, as also observed in M31 H  regions (Galarza et al. 1999) . The solid line shown in Fig. 5 represents the best-fit to the isolated high surface brightness sources only (filled circles).
The radial plot of [N ] 658.4 relative to Hα is shown in Fig. 6 . A decreasing trend toward the outer disk of M33 is evident, mainly due to the abundance gradient. In fact, the intensity of [N ] lines is not affected by collisional de-excitation, consequently is insensitive to electron density, while it is mostly dependent to the nitrogen abundance (cf. Viironen et al. 2007) . Note however that the scatter in the relation is huge, approximately a factor 3 at given radius, rendering this line ratio useful only for a qualitatively detection of the abundance effect on the gradient.
The radial distribution of [S ] 671.7, 673.1 relative to Hα is shown in Fig. 7 . There is no clear radial trend, as expected by theoretical modeling by e.g. Domgorgen & Mathis (1994) .
Physical and chemical properties

Electron density and temperature
The electron densities, n e , were measured in almost all the analyzed emission-line objects using the [S ] I(671.7)/I(673.1) ratio, which is sensitive to n e because of the collisional deexcitation of the 671.7 nm transition, but almost insensitive to the electron temperature. We used a five-level atom statistics to compute n e , assuming the electron temperature as measured from the (I(500.7)+ I(495.9))/I(436.3) ratio, when available, and T e =10000 K in the other cases. For four H  regions we gave a direct measurement of the electron density and for the remaining ones we gave an upper limit.
Most of our H  regions have electron densities or their upper limits consistent with the low density limit for nebulae, i.e. . In addition, an upper limit to T e was given in other 7 H  regions (see Table 2 ).
In Fig. 8 , the derived T e[O III] (filled circles) and T e[N II] (empty circles) are plotted versus the deprojected galactocentric distance of the H  regions. The plot shows the presence of a gradient of electron temperatures across the galaxy, with a slope of 570±130 K kpc −1 . This is clearly related to the existence of an abundance gradient, since metal poorer H  regions have a higher electron temperature due to the less effective cooling.
For the H  regions where only T e [O ] was measured we adopted the relationships by Izotov et al. (2006) for high Z galaxies, 12 + log(O/H)>8.2, following their definition:
and
where T Izotov et al. 2006) . A comparison of O+ abundances derived from both sets of lines in a sample of about 200 SDSS H  galaxies is presented by Kniazev et al. (2004) . They found a weighted mean of the differences between the two sets of abundances log(O/H) 372.7,372.9 -log(O/H) 732.0,733.0 =0.002±0.002 dex, with a rms scatter of 0.02 dex in both cases, and conclude that this scatter is within the uncertainties as expected from Aller (1984) . However, it has to be noted that the intrinsic weakness of [O ] 732.0, 733.0 nm lines, with respect to the [O ] 372.7, 372.9 nm, produces larger errors in the abundance determination.
We adopted the prescriptions by Izotov et al. (1994) to derive the helium ionic abundances, and by Izotov et al. (2006) to derive the oxygen, nitrogen, sulfur, and argon ionic abundances and ICFs. Uncertainties on the ionic and total abundance were computed with a standard propagation of the errors on the flux measurements, which propagates to the de-reddening procedure, to the electron temperature and density derivations, and to the ICFs computation. The ionic and total abundances with their errors are reported in Table 3 . 
The metallicity gradients in M 33
6.1. Helium
In Fig. 9 abundance found here appears consistent with previous works, the correction for neutral helium is very uncertain and therefore the helium abundance gradient is difficult to derive. Nonetheless, assuming the ICF scheme of He based on the η parameter (e.g. Pagel et al. 1992; Vílchez et al. 1988 ), we can put a limit for those H  regions at radii lower than 3 kpc for which a value of η can be derived; for these HII regions an ionization correction factor, ICF(He)> 1.2 is suggested by our observations. Further observations are needed to confirm these claims.
Oxygen
In Fig. 10 , we show the oxygen abundance as a function of galactocentric distance for the 14 H  where we measured the chemical abundances. A weighted linear least-square fit to our data (solid line) gives a gradient:
where R is the deprojected galactocentric distance in kpc, computed assuming a distance of 840 kpc, an inclination of 53
• , and a parallactic angle of 22
• . The figure also shows the oxygen abundances, re-derived using the Izotov's et al. (2006) ionic abundance and ICF formulae, from all previous spectroscopic observations which allowed a direct determination of the electronic temperature (Kwitter & Aller 1981 , Vílchez et al. 1988 , and Crockett et al. 2006 , as shown in Table 4 ). In case of multiple measurements of the same H  region we have adopted spectroscopic data from the most recent observations. Where both [O ] 372.7 and 732.5 emission lines were available from the literature (four H  regions), we recomputed the ionic O + with both set of lines. The agreement is very good, as shown in Table 4 . Considering the whole sample of oxygen measurements, the gradient still has a slope of ∼ −0.06 dex kpc −1 , consistent with our determination and with gradients measured in other non-barred galaxies of similar morphological type (e.g. NGC 2403, Garnett et al. 1997) . Kwitter & Aller (1981) , empty circles from Vílchez et al. (1988) , and triangles from Crockett et al. (2006) . The solid line is the weighted linear least-squares fit to our 14 H  regions. 
Nitrogen
In Fig. 11 the radial variation of the nitrogen abundance is shown. A weighted linear fit of our data gives a gradient 12 + log N/H = −0.06(±0.02) × R + 7.3(±0.1)
similar to the oxygen one. If also previous determinations are considered, the overall slope of the gradient, results to be a bit steeper, namely ∼ −0.10 dex kpc −1 . In Fig 12, warns us against the use of abundance determination which are based on models assuming that the N/O ratio is proportional to O/H, and then using [N ]/[O ] to infer the metallicity. M33 shows that at least in some galaxy disks this is not true.
Sulfur
Our spectral range did not allow the observation of the infrared [S ] emission lines, but the auroral line [S ] 631.2 nm and [S ] 671.7, 673.0 nm were observed in a large number of H  regions of our sample. This allowed us to measure the total sulfur abundance, since the larger amount of sulfur is in the form of S + and S 2+ , while the other ions S 3+ and S 4+ contribute less. The total S/H was however computed taking also into account of the correction for the unseen ionization stages, mainly S 3+ , using the ICF(S) by Izotov et al. (2006) . On the other hand, errors on the total sulfur abundance measured via the [S ] 631.2 nm and [S ] 671.7, 673.0 nm lines are larger than via IR lines, since these emission lines are generally weaker. Typical errors, in the range 0.1-0.4 dex, are indicated in Table 3 . The gradient of sulfur, as expected, resembles that of oxygen, since these elements are both produced in stars belonging to the same mass range (M>10 M ⊙ ). A weighted linear fit of our data gives 12 + log S/H = −0.04(±0.02) × R + 6.88(±0.11).
(6)
Discussion
The wealth of information collected during the last twenty years on the metallicity distribution in the interstellar medium and young stars of M33 allowed us to draw a general picture of its present time gradient. Individual studies, with small samples of objects, would lead to significantly different -and thus uncertain -conclusions. In fact, in contrast with the result by Garnett et al. 1997 , indicating a mean gradient through the whole disk of M33 of −0.11 dex kpc −1 , more recent studies suggest a shallower metallicity gradient derived for Ne and O. Since both elements are produced mainly by short-lived, massive stars (M > 10 M ⊙ ), the slope of their gradient should be very similar. In our Galaxy and in nearby galaxies, the abundances of these two elements are generally closely correlated, as supported by abundance measurements in Galactic and extragalactic PNe (Henry 1990) , showing that Ne/O is in a good approximation constant over a wide range of O/H values. This constancy of oxygen and neon is, however, in apparent contrast with the results obtained by Willner & Nelson-Patel (2002) , who derived Ne abundances for 25 H  regions in M33 from infrared spectroscopy. The best fit to the complete sample of their data is a step function in a diagram showing the abundance of neon (relative to the solar one) versus the galactocentric distance: −0.15 dex from 0.7 to 4 kpc, and −0.35 from 4 to 6.7 kpc. Avoiding the two outermost H  regions of their sample they found a best-fit slope -0.05±0.02 dex kpc −1 . An even shallower slope for the Ne/H gradient was found by Crockett et al. (2006) , −0.016 dex kpc −1 . In order to avoid peculiarity effects due to the limited size of different samples, we have considered, in addition to the present work results, oxygen measurements in a large number of objects representative of the present time ISM metallicity: H  regions (optical spectroscopy 2 by Kwitter & Aller 1981 , Vílchez et al. 1988 , Crockett et al. 2006 , and infrared spectroscopy 3 by Willner & Nelson-Patel 2002) and young stars (Monteverde et al. 1997 , Urbaneja et al. 2005 , Beaulieu et al. 2006 . The abundances were averaged in bins 1 kpc wide, starting from the center of the galaxy. The errors are the rms scatter of the average value in each bin.
From Fig. 14 , it is clear the oxygen gradient cannot be fitted with a single slope, that would exclude the inner points with higher metallicity. Two different slopes in the central and outer regions are needed instead. The best fit gives for the region from the center to 3 kpc 12 + log O/H = −0.19(±0.08) × R + 8.95(±0.13)
and for the radial region from 3 to 8 kpc 12 + log O/H = −0.038(±0.015) × R + 8.49(±0.08).
The existing conflict on the determination of the slope of the M 33 metallicity gradient might be solved using the result of 2 for these H  regions we have re-computed uniformly chemical abundances using the Izotov's et al. (2006) ionic abundance and ICF formulae, only for the H  regions where the electron temperature diagnostic lines were available (see Table 4) 3 Neon abundance were converted into oxygen using the solar ratio O/Ne by Asplund et al. (2005) Since the gradient in M 33 cannot be represented by a single linear fit, studies undertaken in different radial regions would produce extremely different results: if inner regions were included, a steeper gradient would result. On the contrary if only regions far form the center were considered, a flatter gradient would be obtained. We remind that the steepening of the inner gradient is also sustained by individual studies (e.g. Vílchez et al. 1988 , Beaulieu et al. 2006 . Moreover, the relatively shallow slope of the outer metallicity gradient is confirmed by several recent works, as the previously quoted papers by Willner & Nelson-Patel (2002) , Urbaneja et al. (2005) , Crockett et al. (2006) . Also recent works are obtaining noteworthy results, as the work by Viironen et al. (2007) and that by Rosolowsky & Simon (2006) . The former is studying via photoionization modelling the dependence on metallicity of location of H  regions in the diagnostic diagram [N ]/Hα vs [S ]/Hα. For M33, using the sample of H  regions presented in this work and data of literature, they found a gradient across all the disk of -0.05±0.01 dex kpc −1 . The latter work, called "M33 Metallicity Project", is studying a large number of H  regions in a SouthWest region of M33 via optical spectroscopy. They measure an oxygen abundance gradient of -0.03 dex kpc −1 . From a theoretical point of view, Magrini et al. (2007) present in an accompanying paper a detailed model of the chemical evolution of the disk of M 33. The model is able to reproduce the observed gradients, together with other observables, as the gas and star distribution, and the star formation rate. The predicted oxygen abundance gradient is -0.067 dex kpc −1 , across the whole disk excluding the inner 1 kpc regions 4 in excellent agreement with the best fit to the data in Fig. 14 in the same radial region, -0.07±0.01 dex kpc −1 . The relatively shallow slope and the apparent flattening with time of the gradient obtained from the comparison of the present time gradient with PN ) and RGB stars (Barker et al. 2006 ) gradients, are explained by the model with a slow continuous formation of the disk by infall. A conspicuous cloud of neutral gas infalling into the disk of M33 recently detected at 21-cm by Westmeier et al. (2005) and the presence of carbon stars found at larger radii where the drop of the Hα flux occurs (Davidge 2003 , Block et al. 2004 , Rowe et al. 2005 ) support this picture, suggesting that accretion of gas in the disk of M 33 is still taking place.
The results of this model and the new detailed observations available for M 33 open new scenarios on the formation of spiral galaxies. These scenarios are not in opposition to the "classical" models of galactic disk formation, i.e. rapid collapse of an initial halo, but they extend them with the possibility of further frequent accretion events from mergers and interactions in the intergalactic medium. A full discussion of chemical evolution modeling for M 33 is given by Magrini et al. (2007) .
Conclusions
We analyzed optical spectra of 72 emission-line objects in M 33, including mostly H  regions, but also five SNRs and two candidate PNe. Most of the emission-line objects are in the low density limit, with n e <100 cm −3 , only three of them have higher density. The direct T e determination was possible for 15 H  regions by the measurements of the [O ] 436.3 nm line and in three of them of the [N ] 575.5 nm line.
The radial variation of several emission-line ratios does not appear to be much affected by the different morphology of the H  regions, even if in the [O ]/Hβ diagram the higher surface brightness sources show a higher correlation, signature of spectra dominated by local chemical abundance effects. Emissionline ratio diagrams allowed us to separate the different types of emission-line objects and to infer the presence of metallicity gradients.
For the 14 H  regions with determined T e and with detection of both [O ] and [O ] lines we derived chemical abundances using the ICF methods. We found metallicity gradients in good agreement with previous determinations in the same radial regions. The resulting global oxygen abundance gradient is -0.06±0.01 dex kpc −1 . We collected oxygen measurements in a large number of objects representative of the present time ISM metallicity to draw a complete picture of the shape and magnitude of the metallicity gradient. We found the best fit to the data using two different slopes, corresponding to the central regions R<3 kpc (-0.19±0 .08 dex kpc −1 ) and outer regions R≥3 kpc (-0.038±0.015 dex kpc −1 ). The shallower outer gradient is in agreement with several new works and it can be explained with a slow continuous accretion of the disk of M 33 from the intergalactic medium. work of L.M. is supported by a INAF post-doctoral grant 2005. We are grateful to Edvige Corbelli for many useful discussions about M33, and for suggestions about the radial behaviour of the extinction. Table 1 . The list of emission line objects spectroscopically observed in M 33, including H  regions, SNRs and PNe. The identification names are from: BCLMP- Boulesteix et al. (1974) ; CPSDP- Courtes et al. (1987) ; VGVC-Viallefond et al. (1986); GDK99-Gordon et al. (1996) ; MCM00- Magrini et al. (2000) ; CDL04- Ciardullo et al. (2004) . The emission-line objects not identified in previous works, mostly small isolated H  regions, are labeled with LGC-HII-n, standing for H  regions discovered by the Local Group Census project (cf. . The coordinates J2000.0 of the position of the fibers projected on the sky are shown in the second and third columns. They do not correspond exactly to the center of the emission line objects, but generally to the maximum [O ] emissivity. The observed photometric fluxes in unit of 10 −15 erg/cm 2 , F Hα , and the area in arcsec 2 were taken from Hodge et al. (2002) , when this information is available, otherwise their were measured in the LGC INT images (columns 4 th , 5 th ). The last column shows the main characteristic of the morphology: e extended, c small/isolated, k high surface brightness knot in an extended complex, s shell/ring-like. 
LGC Table 3 . Total and ionic chemical abundances, and ionization correction factors of fourteen H  regions. The galactocentric distance in kpc is also reported.
LGC 
